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The recently proposed f (Q, T) gravity (Xu et al. Eur. Phys. J. C 79 (2019) 708) is an extension
of the symmetric teleparallel gravity. The gravitational action L is given by an arbitrary function
f of the non-metricity Q and the trace of the matter-energy momentum tensor T. In this paper, we
examined the essence of some well prompted forms of f (Q, T) gravity models i.e. f (Q, T) = mQ+ bT
and f (Q, T) = mQn+1 + bT where m, b, and n are model parameters. We have used the proposed
deceleration parameter, which predicts both decelerated and accelerated phases of the Universe, with
the transition redshift by recent observations and obtains energy density (ρ) and pressure (p) to study
the various energy conditions for cosmological models. The equation of state parameter (ω ' −1) in
the present model also supports the accelerating behavior of the Universe. In both, the models, the
null, weak, and dominant energy conditions are obeyed with violating strong energy conditions as
per the present accelerated expansion.
PACS numbers: 04.50.Kd
I. INTRODUCTION
The recent and exciting advances of the cosmos are
the accelerating expansion of the Universe [2–5]. A.G.
Riess also mentioned that the dynamics of the ordinary
matter present in the Universe are affected by more ex-
otic forms of energy. Several phenomena have been ac-
counted for, but according to the recent study, expand-
ing illustration is considered as a consequence of a mys-
terious force dubbed dark energy (DE), which possesses
a significant negative pressure. DE has the property that
positive energy density and negative pressure satisfy-
ing ρ + 3p < 0, which is known as the strong energy
condition. Mainly there is two possible access to this
expansion. First introduces some matter component on
the right side of the Einstein equations such as the scalar
field, cosmological constant, etc. These components ac-
quire a negative equation of state (EoS) parameter. On
the other, the second way is to modify the left side of
Einstein field equations. It includes the modification
in Einstein-Hilbert action by some arbitrary function f ,
which purely shows a geometric nature.
The f (Q, T) gravity theory [1] is a recently proposed
extension of symmetric teleparallel gravity in which the
Lagrangian density is given by an arbitrary function of
the non-metricity Q and the trace of matter-energy mo-
mentum tensor T. The coupling between Q and T re-
sults in the non-conservation of the energy-momentum
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tensor, which entails some significant thermodynamic
change of the Universe as in f (R, T) gravity [6]. The
two different f (Q, T) models in a flat FLRW space-time
are studied with the proposed deceleration parameter.
Further, the cosmic fluid adheres to the equation of state
p = ωρ, where ρ, p, and ω represents the energy density,
cosmological pressure, and EoS parameter.
The purpose of the present work is to study various
energy conditions in the newly proposed f (Q, T) grav-
ity theory. In General Relativity (GR), energy conditions
play a significant role in cosmology, black hole thermo-
dynamics [7], singularity theorems [8]. The energy con-
ditions are the different ways through which one can ef-
fort to implement the idea of positiveness of the stress-
energy tensor in the presence of matter and also observe
the attractive nature of the gravity. The energy condi-
tions emerge from the Raychaudhuri equation in purely
geometric nature with the provision that the gravity is
attractive with energy density to be positive as well [12].
The Null, Weak, Strong, and Dominant energy con-
ditions are the most fundamental energy conditions
used in GR. The famous Hawking-Penrose singularity
invokes the strong energy condition (SEC) whose vi-
olation results in the observed accelerated expansion
[7, 13]. The proof of the second law of black hole thermo-
dynamics depends on the null energy condition (NEC)
[8, 14]. On the other WEC is a combination of NEC
(ρ + p ≥ 0) and ρ ≥ 0. This also means that the local
energy density as measured by any timelike observer be
positive. According to the definition, we can also see
that if the NEC is violated, then to the descriptions of
SEC, on the one hand, WEC and DEC on the other can-
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2not be satisfied. We can consider the equation concen-
trating on a congruence of null geodesic and develop
the null convergence condition Rµνkµkν ≥ 0 for any null
vector kµ.
Energy conditions are studied in various modified
gravity theories. S. Capozziello [15] studied the energy
conditions in GR using the power law in f (R) gravity.
K. Atazadeh [16] considered the effectiveness of the en-
ergy conditions in Brans-Dicke theory by conjuring the
energy conditions from a generic f (R) theory. Di Liu
[17] studied the energy conditions in f (T) gravity by
constraining this gravity with exponential f (T) grav-
ity, and Born-Infeld f (T) gravity and M. Zubair [18]
explored the validity of energy bounds in a modified
theory of gravity which involves the non-minimal cou-
pling of perfect fluid matter and torsion scalar. If we
look at the work by T. Azizi [19], he considered the en-
ergy conditions in the structure of the modified grav-
ity, including the higher derivative torsional terms in ac-
tion. Energy conditions in another modified gravity i.e.,
f (G) gravity, have been discussed with different forms
by N. M. Garcia [20] and K. Bamba [21]. S. Mandal[22]
also discussed energy conditions in f (Q) gravity. K.
Atazadeh [27] also investigated f (R,G) gravity theory
discussing the stability of cosmological solutions. F. G.
Alvarenga [26] analyzed the perturbations and stability
of de Sitter solutions and also the power-law solutions
in f (R, T) gravity. M. Sharif [24] introduced energy con-
ditions in f (G, T) gravity for two reconstructed models
in the background of FLRW Universe. Viability of the
bounds in higher-order derivative f (R,R, T) theory is
investigated through energy conditions in [25].
The paper is organized in various sections. In sec-
tion II we briefly described f (Q, T) gravity. In section
III, we introduced the proposed deceleration parameter.
The energy conditions have been studied in section IV.
In section V, we have presented some f (Q, T) models
with various energy conditions. Finally, in section VI,
we ended with the discussion and results.
II. OVERVIEW OF f (Q, T) GRAVITY
The action in f (Q, T) gravity is given as [1],
S =
∫ ( 1
16pi
f (Q, T) + LM
)
d4x
√−g. (1)
where f is an arbitrary function of the non-metricity Q
and the trace of the matter-energy-momentum tensor T,
LM represents the matter Lagrangian and g = det(gµν)
and
Q ≡ −gµν(LαβµLβνα − LαβαLβµν), (2)
where Lαβγ is the deformation tensor given by,
Lαβγ = −
1
2
gαλ(∇γgβλ +∇βgλγ −∇λgβγ). (3)
The non-metricity Q and trace of energy momentum
tensor T are defined respectively as
Qα ≡ Q µα µ, Tµν = −
2√−g
δ(
√−gLM
δgµν
(4)
and
Θµν = gαβ
δTαβ
δgµν
. (5)
The variation of the gravitational action (1) leads to
the following field equation
8piTµν = − 2√−g∇α( fQ
√−gPαµν − 12 f gµν + fT(Tµν +Θµν)− fQ(PµαβQ αβν − 2QαβµPαβν). (6)
where Pαµν is the superpotential of the model as men-
tioned in [1].
We now assume a flat FLRW metric as,
ds2 = −N2(t)dt2 + a(t)2(dx2 + dy2 + dz2), (7)
where a(t) is the scale factor and N(t) is the lapse func-
tion.The nonmetricity is Q = 6H
2
N2 . The coincident gauge
is set to make the relation trivial. So, in fixing the coinci-
dent gauge, we use the diffeomorphisms gauge equality.
As we are not allowed to pick any specific lapse func-
tion, this is permitted by special cases in Q-theories, as
Q maintains a residual invariance to reparametrize time,
which is well described in [23]. So, to use this type of
symmetry, N(t) = 1 is chosen. Thus we have Q = 6H2
3and the generalized Friedman equations are,
8piρ =
f
2
− 6FH2 − 2G
1 + G
(F˙H + FH˙). (8)
and
8pip = − f
2
+ 6FH2 + 2(F˙H + FH˙). (9)
where dot represents derivative with respect to time
and F = fQ and 8piG = fT represent differentiation with
respect to Q and T respectively.
We can write the Einstein’s field equations from Fried-
man equations as follows
3H2 = 8piρe f f =
f
4F
− 4pi
F
[
(1 + G)ρ+ Gp
]
. (10)
and
2H˙ + 3H2 = −8pipe f f = f4F −
2F˙H
F
+
4pi
F
[
(1 + G)ρ+ (2 + G)p
]
. (11)
III. COSMOGRAPHIC PARAMETERS
As we see that (10) and (11) are two equations with
three unknowns viz p, ρ and H. To find the exact so-
lutions of these two equations, we need an additional
physically viable condition. Here, we consider the de-
celeration parameter as studied in [28]. The deceleration
parameter reads as
q(z) = −1 + 3
2
(
(1 + z)q2
q1 + (1 + z)q2
)
. (12)
where q1 and q2 must be positive definite. Further, these
two parameters q1 and q2 are obtained from the observa-
tional constraints. The expression for Hubble’s parame-
ter H(z) is constrained from the integrating the follow-
ing equation,
H(z) = H0exp
[∫ z
0
(1 + q(x))d(ln(1 + x))
]
. (13)
Introducing (12) into (13), we obtained H(z) as
H(z) = H0
(
q1 + (1 + z)q2
q1 + 1
) 3
2q2
. (14)
It is well-known that the crucial quantity in explain-
ing the evolution of the homogeneous and isotropic uni-
verse is the deceleration parameter defined as q. Its
value lies in the fact that the rate at which the universe
accelerates or decelerates its expansion. Although the
universe is certainly accelerating, measurements of q
still suffer from non-small uncertainties that are increas-
ing with the higher redshifts. A cosmological model
providing the expressions for q(z) is of little help since
none of them rests on the theoretical ground that is pin-
point convincing. So parametrized q(z) based on prac-
tical and empirical reason can be useful unless observa-
tions aid some theoretical model. The proposed deceler-
ation parameter containing two free parameters is valid
from matter-dominated epoch z 1 onwards i.e., up to
z = −1. The functional form of q obeys q(z  1) = 12 ,
which is very much demanded by cosmic structure for-
mation. Also q(z = −1) = −1 required by thermody-
namic arguments. Furthermore, the prediction by pro-
posed q(z) is consistent with spatially flat ΛCDM. Ac-
cording to the parametrization studied in [28], the free
parameters q1 and q2 are fit with the observational data.
The value is obtained as q1 = 2.87+0.70−0.53, q2 = 3.27
+0.55
0.55 ,
H0 = 70.5+1.5−1.6. The q0 in this parametrization depends
only on one free parameter i.e. q1. But if we take other
parametrizations of q discussed in [28], q0 depends on
both free parameters q1 and q2. So, q0 in these cases re-
sults more degenerate than in the previous parametriza-
tion.
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FIG. 1: Deceleration parameter versus redshift with val-
ues q1 = 3.57 and q2 = 3.82.
The behavior of the deceleration parameter q is pre-
sented in Fig.1. One can detect the variation of q from
negative to positive at zt = 0.67 with q0 = −0.67. So the
Universe exhibits the transition from early deceleration
to the current acceleration. The results obtained for the
transition i.e. redshift (zt) and q0 in the present model
are consistent with values mentioned in literature [29–
37].
We try to study some more parameters in f (Q, T) the-
ory. If we expand the scale factor in Taylor series with
respect to cosmic time [38], then this expansion points to
a distance-redshift relation. In the Taylor series expan-
sion, there comes the derivatives in the higher order of
4the deceleration parameter, which is known as a jerk(j),
snap(s), lerk(l) parameters. These parameters help us to
perceive the past and future of the Universe. The sign of
jerk parameter j regulates the change of the Universe’s
dynamics, a positive value indicating the instance of a
transition time under which the Universe modifies the
expansion. Furthermore, snap parameter s is essential
to discriminate between an evolving dark energy term
or behavior of cosmological constant. According to the
value of free parameters we have obtained j0 = 1.21,
s0 = −0.43 and l0 = 3.6. The exciting fact about the jerk
parameter is, for ΛCDM, the value of j is one always.
But according to our work, j0 = 1 is dismissed. A sim-
ilar argument has been given by S. Capozziello et al. in
[43]. Also, A. Aviles et al. [44] obtained results the same
on these parameters.
The three parameters are defined as follows [39, 40],
j = (1 + z)
dq
dz
+ q(1 + 2q), (15)
s = −(1 + z) dj
dz
− q(2 + 3q), (16)
l = (1 + z)
ds
dz
− s(3 + 4q). (17)
According to the considered deceleration parameter
in (12), the equations of jerk, snap and lerk reads as,
j =
2q21 + q1(3q2 − 5)(z+ 1)q2 + 2(z+ 1)2q2
2 (q1 + (z+ 1)q2)
2 (18)
s =
4q31 − 6q21(q2 − 2)2(z+ 1)q2 + 3q1
(
2q22 − 13q2 + 13
)
(z+ 1)2q2 − 14(z+ 1)3q2
4 (q1 + (z+ 1)q2)
3
(19)
l =
4q41 + 2q
3
1
(
3q32 − 15q22 + 30q2 − 22
)
(z+ 1)q2 − 3q21
(
8q32 − 54q22 + 95q2 − 53
)
(z+ 1)2q2
+ q1
(
6q32 − 69q22 + 276q2 − 209
)
(z+ 1)3q2 + 70(z+ 1)4q2
4 (q1 + (z+ 1)q2)
4 (20)
We have depicted the above parameters below.
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FIG. 2: Jerk parameter versus redshift with values q1 =
3.57 and q2 = 3.82.
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FIG. 3: Snap parameter versus redshift with values q1 =
3.57 and q2 = 3.82.
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FIG. 4: Lerk parameter versus redshift with values q1 =
3.57 and q2 = 3.82.
From Fig. 2 and Fig. 4 we can observe the positive be-
havior of jerk and lerk parameters representing the ac-
celerated expansion. The jerk parameter shows the de-
creasing behavior whereas the lerk parameter increases.
The snap parameter indicating negative behavior in Fig.
3 suggests the accelerated expansion. It shows that un-
der certain modified gravity, the late-time acceleration
can be seen in a strictly geometrical way.
IV. ENERGY CONDITIONS
Shortly after the advent of general relativity, Weyl
suggested an extension of Riemannian geometry in
1918, which he used for practical applications to develop
the first unified theory of gravity and electromagnetism
in which non-metricity of spacetime produced the elec-
tromagnetic field. Through incorporating an intrinsic
vector field and semi-metric relation, Weyl generalized
the Riemannian geometry [9]. Also, torsion and non-
metricity modify the typical Riemannian relationship
between the metric tensor, the connection, and the space
curvature. A non-Riemannian Geometry is a general-
ization of the normal Riemannian one when the space
is equipped with torsion and non-metricity along with
curvature as well. The structure of Raychaudhuri is by
definition strictly geometrical. There has also been an
attempt recently to extend the formulation of Raychad-
huri to spaces with Weyl geometry [10].
Energy conditions are based on the Raychaudhuri
equation, one of those conditions applied to the matter
content in GR [41]. The Raychaudhuri equation gave
emergence to these energy conditions with some re-
quirements according to the attractive nature of gravity
and also including the positive nature of energy density.
These equations have a fundamental role in the coher-
ence of null, timelike and lightlike geodesics. The Ray-
chaudhuri equation [12] in Riemann geometry reads,
dθ
dτ
= −1
3
θ2 − σµνσµν +ωµνωµν − Rµνuµuν. (21)
where Rµν is the Ricci tensor and θ, σµν and ωµν are ex-
pansion, shear and rotation associated to the vector field
uµ respectively.
From the above equation, the shear is a spatial tensor
with σ2 = σµνσµν > 0. Thus the condition for attrac-
tive gravity for any hyper-surface orthogonal congru-
ence lowered to
Rµνuµuν > 0. (22)
Raychaudhuri equation with nonmetricity, in addi-
tion to curvature is given as [11]
Θ˙ = −1
3
Θ2 − Rµνuµuν − 2(σ2 −ω2) + Dµaµ + 1l2 aµA
µ − 1
l2
(aµuµ)− 2Θ3l2 aµu
µ +
2
3l4
(aµuµ)2 +
2
l2
aµξµ − Q˙µuµ
+
1
3
(Θ+
1
l2
aνuν)(Qµ −Qµ)uµ −Qµνλ(σµν +ωµν)uλ −
1
l2
Qµνλuµuν(aλ + ξλ) +Qµνλuµσνλ
+
1
l2
Qµνλ(uµξν + aµuν)uλ + uµuν∇λQµνλ +Q λβµ Qβλνuµuν. (23)
where Θ = gµν∇µ∇ν with Qµνλ = Qµ(νλ), −l2 =
uµuµ , Aµ = uλ∇λuµ and aµ = uλ∇λuµ.
Now the energy conditions are defined as [42],
• Null energy condition (NEC)⇔ ρ+ p ≥ 0.
• Weak eneregy condition (WEC)⇔ ρ+ p ≥ 0 and
ρ ≥ 0.
• Strong energy condition (SEC) ⇔ ρ + p ≥ 0 and
ρ+ 3p ≥ 0.
• Dominant energy condition (DEC)⇔ ρ ≥ |p| and
ρ ≥ 0.
6V. COSMOLOGICAL f (Q, T) GRAVITY MODELS
In this section we will investigate energy conditions
for some specific models of f (Q, T) gravity.
In the context of cosmology, the Hubble parameter H
and q are related as,
q = − 1
H2
a¨
a
, (24)
Using (24) we can refashion the equation as
H˙ = −H2(1 + q). (25)
A. f (Q, T) = mQ+ bT
The simplest from of f (Q, T) gravity is f (Q, T) =
mQ+ bT where m and b are model parameters. The val-
ues of fQ and fT in the field equation (6) are obtained as
F = fQ = m and 8piG = fT = b. Using the values of
ρ and p from (10) & (11) with f = mQ+ bT the energy
conditions for this case are expressed as follows
NEC ⇔ m
(
b
(
6H2 − 2H2(q+ 7))− 48piH2)
4 (b2 + 12pib+ 32pi2)
− m
(
b
(
6H2(q− 1) + 6H2)+ 8pi (4H2(q− 2) + 6H2))
4 (b2 + 12pib+ 32pi2)
≥ 0. (26)
WEC ⇔ m
(
b
(
6H2 − 2H2(q+ 7))− 48piH2)
4 (b2 + 12pib+ 32pi2)
− m
(
b
(
6H2(q− 1) + 6H2)+ 8pi (4H2(q− 2) + 6H2))
4 (b2 + 12pib+ 32pi2)
≥ 0
and
m
(
b
(
6H2 − 2H2(q+ 7))− 48piH2)
4 (b2 + 12pib+ 32pi2)
≥ 0. (27)
SEC ⇔ m
(
b
(
6H2 − 2H2(q+ 7))− 48piH2)
4 (b2 + 12pib+ 32pi2)
− m
(
b
(
6H2(q− 1) + 6H2)+ 8pi (4H2(q− 2) + 6H2))
4 (b2 + 12pib+ 32pi2)
≥ 0
and
m
(
b
(
6H2 − 2H2(q+ 7))− 48piH2)
4 (b2 + 12pib+ 32pi2)
− 3m
(
b
(
6H2(q− 1) + 6H2)+ 8pi (4H2(q− 2) + 6H2))
4 (b2 + 12pib+ 32pi2)
≥ 0. (28)
DEC ⇔ −m
(
b
(
6H2(q− 1) + 6H2)+ 8pi (4H2(q− 2) + 6H2))
4 (b2 + 12pib+ 32pi2)
± m
(
b
(
6H2 − 2H2(q+ 7))− 48piH2)
4 (b2 + 12pib+ 32pi2)
≥ 0
and
m
(
b
(
6H2 − 2H2(q+ 7))− 48piH2)
4 (b2 + 12pib+ 32pi2)
≥ 0. (29)
Here, we chose the model parameters as m = −0.1
and b = 59.1 to make the energy density positive and
the EoS parameter as per the observations.
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FIG. 5: Density parameter versus redshift.
7Fig. 5 portray the behavior of energy density ver-
sus redshift with appropriate choice of parameters as
m = −0.1, b = 59.1, q1 = 3.57, q2 = 3.82 and H0 = 68.9.
It can be observed that the energy density is always a
positive function of redshift. At z = 0, the energy den-
sity is strictly positive and increases with the increase in
the value of z.
The EoS parameter is associated with energy density ρ
and pressure p. The EoS parameter classifies the expan-
sion of the Universe. It represents the stiff fluid when
ω = 1. The matter dominated phase is represented by
ω = 0 and if ω = 13 , the radiation dominated phase
is seen. Whereas the relation −1 < ω ≤ 0 shows the
quintessence phase and ω = −1 shows the cosmologi-
cal constant i.e., ΛCDM model. The phantom era is ob-
served when ω < −1.
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FIG. 6: EoS parameter versus redshift.
It is well known that for an accelerating Universe, we
should have ω < − 13 . From Fig. 6, we can observe that
the Universe exists the accelerating regime and enters
the decelerated phase at an around z = 0.835 as studied
in [43]. The authors focused on the transition zt accord-
ing to Planck 2015 data. He also stated the transition
lies between 0.6 to 0.8. The little deviation occurs due to
work done in modified gravity. The energy conditions
for this case are plotted below in Fig. 7.
NEC
SEC
DEC
-1 0 1 2 3 4
0
200
400
600
800
z
EC
s[ρ[M
⊙/(h-
1 M
pc
)3 ]
FIG. 7: Energy conditions versus redshift.
(a) variation of b (b) variation of m
FIG. 8: SEC with variation of b and m.
8(a) variation of b (b) variation of m
FIG. 9: NEC with variation of b and m.
(a) variation of b (b) variation of m
FIG. 10: DEC with variation of b and m.
Among all the energy conditions, the strong energy
condition is in the limelight of discussion. According
to the recent data of the accelerating Universe, the SEC
must be violated on cosmological scale [45, 46]. Due
to the SEC’s importance, we observed the acceptable
ranges of model parameters b and m in Fig. 8a & Fig.
8b. The variation of m is from −0.03 to −0.08 whereas
for b it is −9.1 to 0.1. The variation in m and b results in
the variation of SEC behavior. In the case of variation of
b, below -9.1, SEC shows some positive behavior. Also
in case of n from Fig. 8b it is obeying. We focused on
the range when a violation is more. Also, ω negative
implies ρ+ 3p < 0. Therefore, there is a violation of the
SEC at present. We also can see in Fig. 7,9a,9b and 10a,
10b that the NEC, and DEC are obeying. Since we have
shown the behavior of energy density in Fig. 5. We have
also observed the behavior of NEC (i.e., partial condi-
tion of WEC). Therefore, validation of NEC and energy
density together results in the validation of WEC.
B. f (Q, T) = mQn+1 + bT
In this case, we considered the second form of f (Q, T)
gravity as f (Q, T) = mQn+1 + bT, where m, n and b
are model parameters. Then we easily obtain F = (n+
1)mQn and 8piG = b. Here, the energy conditions are
expressed as,
9NEC ⇔ −m2
n+13n
(
2n2 + 3n+ 1
)
(q+ 1)
(
H2
)n+1
b+ 8pi
≥ 0. (30)
WEC ⇔ −m2
n+13n
(
2n2 + 3n+ 1
)
(q+ 1)
(
H2
)n+1
b+ 8pi
≥ 0
and − m2
n−13n(2n+ 1)
(
H2
)n+1
(b(nq+ n+ q+ 4) + 24pi)
b2 + 12pib+ 32pi2
≥ 0. (31)
SEC ⇔ −m2
n+13n
(
2n2 + 3n+ 1
)
(q+ 1)
(
H2
)n+1
b+ 8pi
≥ 0
and − m6
n(2n+ 1)
(
H2
)n+1
(b(5n(q+ 1) + 5q+ 2) + 24pi(nq+ n+ q))
b2 + 12pib+ 32pi2
≥ 0. (32)
DEC ⇔ −m2
n−13n(2n+ 1)
(
H2
)n+1
(b(nq+ n+ q+ 4) + 24pi)
b2 + 12pib+ 32pi2
∓
m2n−13n(2n+ 1)
(
H2
)n+1
(3b(nq+ n+ q) + 8pi(2n(q+ 1) + 2q− 1))
b2 + 12pib+ 32pi2
≥ 0
and − m2
n−13n(2n+ 1)
(
H2
)n+1
(b(nq+ n+ q+ 4) + 24pi)
b2 + 12pib+ 32pi2
≥ 0. (33)
The energy density and EoS parameter for this case
are depicted below.
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FIG. 11: Density parameter versus redshift.
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FIG. 12: EoS parameter versus redshift.
Fig. 11 shows the behavior of energy density with re-
spect to redshift with appropriate choice of parameters
as m = −0.1, b = 59.1, n = 0.1, q1 = 3.57, q2 = 3.82
and H0 = 68.9.The energy density can always be ob-
served to be a positive redshift measure. At z = 0, the
energy density is strictly positive and increases with the
increase in the value of z. By Fig. 12, we can observe that
the Universe has a transition from early deceleration to
late-time accelerated phase at around z = 0.685.
The graphical representation of energy conditions are
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given below.
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FIG. 13: Energy conditions versus redshift.
(a) variation of b (b) variation of m
FIG. 14: SEC with variation of b and m.
(a) variation of b (b) variation of m
FIG. 15: NEC with variation of b and m.
11
(a) variation of b (b) variation of m
FIG. 16: DEC with variation of b and m.
In Fig. 14a and Fig. 14b we plotted SEC by varying
b and m respectively. The variation of m is from −1.2
to −1.9 whereas b ranges from −9.8 to 1.1. Therefore,
there is a violation of the SEC at the present epoch with
the variation of b. The slight change in the values of b to-
wards the negative side results in the SEC’s change. SEC
violates more in the range mentioned above. We can see
that the NEC, and DEC do not violate as the behavior is
always positive (see Fig. 13,15a,15b,16a,16b). Therefore,
validation of NEC and energy density together results
in the validation of WEC. The negative behavior of SEC
illustrates the accelerated expansion of the Universe.
VI. CONCLUSION
There has been a motivation by a recent observational
study that the Universe is undergoing an accelerated
expansion. This expansion is due to the high negative
pressure known as “dark energy” satisfying ρ+ 3P < 0.
Recently, a study on the geometrical extension to GR
was known as modified theories of gravity.
In this paper, we have considered the energy condi-
tions in recently proposed f (Q, T) gravity. We used a
proposed deceleration parameter with two unknowns
q1 and q2 to solve the field equations. We also studied
the behavior of the deceleration parameter with the val-
ues of contestants as q1 = 3.57, q2 = 3.82, and H0 = 68.9
as obtained from observational constraints with respect
to redshift. The q deceleration parameter shows the
transition from early deceleration to the Universe ’s cur-
rent acceleration at zt = 0.67with q0 = −0.67in accor-
dance with the previous values given in the literature.
After the deceleration parameter, the late-time accelera-
tion is illustrated by the jerk, snap, and lerk parameters.
Further, we considered two models of f (Q, T) grav-
ity in section V and observed the behavior of density,
EoS parameter, and energy conditions. The density in
both models shows positive behavior, whereas the EoS
parameter shows a transition from early deceleration to
late time acceleration with respect to the model param-
eters. According to the behavior of the EoS parameter,
values of model parameters m and b are also used to ex-
amine various energy conditions. Like the deceleration
parameter, the EoS parameter has a transition from de-
celeration to acceleration at z = 0.835 and z = 0.685
respectively, as presented in [43]. In both the models
of section V A & V B, NEC, WEC and DEC are satisfied
whereas SEC is violated (see Fig. 7 & Fig. 13). In a simi-
lar line, one can verify that minimally coupled & curva-
ture coupled scalar field theories also violate SEC [45].
In the present models, we can interpret the prediction of
cosmic acceleration through energy conditions.
Here, we have studied the linear cases of f (Q, T)
gravity and the non-minimal coupling i.e., the third
model in [1] can be studied in the future.
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